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Abstract

© 2017 Betekhtin et al. This is an open access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited. Long-term
cultivated Fagopyrum tataricum (L.) Gaertn. (Tartary buckwheat) morphogenic and non-
morphogenic callus lines are interesting systems for gaining a better understanding of the
mechanisms that are responsible for the genetic stability and instability of a plant tissue culture.
In this work, we used histological sections and transmission electron microscopy to identify and
describe the morphology of the nuclei of all of the analysed callus lines. We demonstrated that
the embryogenic callus cells had prominent round nuclei that did not contain heterochromatin
clumps in contrast to the non-morphogenic callus lines, in which we found nuclei that had
multiple lobes. Flow cytometry analysis revealed significant differences in the relative DNA
content between the analysed calli. All of the analysed morphogenic callus lines had peaks from
2C to 8C as compared to the nonmorphogenic callus lines, whose peaks did not reflect any
regular DNA content and exceeded 8C and 16C for the line 6pl and 16C and 32C for the callus
line 10p2A. The results showed that non-morphogenic calli are of an aneuploid nature. The
TUNEL test enabled us to visualise the nuclei that had DNA fragmentation in both the
morphogenic and non-morphogenic lines. We revealed significantly higher frequencies of
positively labelled nuclei in the non-morphogenic lines than in the morphogenic lines. In the
case of the morphogenic lines, the highest observed frequency of TUNEL-positive nuclei was
7.7% for lines 2-3. In the non-morphogenic calli, the highest level of DNA damage (68.5%) was
revealed in line 6pl. These results clearly indicate greater genome stability in the morphogenic
lines.

http://dx.doi.org/10.1371/journal.pone.0173537

References

[1] Karp A. Origins, causes and uses of variation in plant tissue cultures. In: Vasil IK, Thorpe TA, editors. Plant cell
and tissue culture: Springer Netherlands; 1994. p. 139-51.

[2] Karp A. Tissue culture-derived variation in crop improvement. Euphytica. 1995; 85:295-302.

[3] Phillips RL, Kaeppler SM, Olhoft P. Genetic instability of plant tissue cultures: breakdown of normal controls.
Proc Natl Acad Sci USA. 1994; 91(12):5222-6. PMID: 8202472

[4] Brar DS, Jain SM. Somaclonal variation: mechanism and application in crop improvement. In: Jain SM, Brar DS,
Ahloowalia BS, editors. Somaclonal Variation and Induced Mutation in Crop Improvement. Current Plant Science
and Biotechnology in Agriculture Springer Netherlands; 1998. p. 15-37.


https://core.ac.uk/display/197475175?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1371/journal.pone.0173537

(5]
(6]

(7]

(8]

[9]

[10]

(11]

[12]

[13]

(14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

Jain SM. Tissue culture-derived variation in crop improvement. Euphytica. 2001; 118:153-66.

Fras A, Juchimiuk J, Siwinska D, Maluszynska J. Cytological events in explants of Arabidopsis thaliana during
early callogenesis. Plant Cell Rep. 2007; 26(11):1933-9. doi: 10.1007/s00299-007-0415-7 PMID: 17653722

Bairu MW, Aremu AO, Van Staden J. Somaclonal variation in plants: causes and detection methods. Plant
Growth Regul. 2011; 63:147-73.

Novak FJ. Phenotype and cytological status of plant regenerated from callus cultures of Allium sativum.
Zeitschrift fur Pflanzenphysiologi. 1980; 84:250-60.

Roy SC. Chromosome variations in the callus tissue of Allium tuberosum and A. cepa. Protoplasma. 1980;
102:171-6.

Joachimiak A, IInicki T. Nuclear morphology, polyploidy and chromatin elimination in tissue culture of Allium
fistulosum Acta Soc Bot Pol. 2003; 72:11-7.

Pijnacker LP, Ferwerda MA. Effect of sucrose on polyploidization in early callus cultures of Solanum tuberosum.
Plant Cell Tiss Organ Cult. 1990; 21:153-7.

Filipecki M, Yin Z, Wisniewska A, Smiech M, Malinowski R, Malepszy S. Tissue-culture-responsive and
autotetraploidy-responsive changes in metabolic profiles of cucumber (Cucumis sativus L). ] Appl Genet. 2006;
47(1):17-21. doi: 10.1007/BF03194594 PMID: 16424604

Nakano M, Tanaka S, Oota M, Kokawa E, Suzuki S, Saito H. Regeneration of diploid and tetraploid plants from
callus-derived protoplasts of Agapanthuspraecoxssp. orientalis (Leighton) Leighton. Plant Cell Tiss Organ Cult.
2003; 72:63-9.

Fras A, Maluszynska J. Regeneration of diploid and tetraploid plants of Arabidopsis thaliana via callus. Acta Biol
Cracov Ser Bot. 2003; 45/2:145-52.

Jaligot E, Beule T, Baurens FC, Billotte N, Rival A. Search for methylation-sensitive amplification polymorphisms
associated with the mantled variant phenotype in oil palm (Elaeis guineensis Jacq). Genome. 2004; 47(1):224-
8. doi: 10.1139/g03-085 PMID: 15060619

Baranek M, Krizan B, Ondruzikova E, Pidra M. DNA methylation changes in grapevine somaclones following in
vitro culture and thermotherapy. Plant Cell Tiss Organ Cult 2010; 101:11-22.

Li X, Xu M, Korban SS. DNA methylation profiles differ between field-and in vitro grown leaves of apple. J Plant
Physiol. 2002; 159:1129-34.

Hirochika H. Activation of tobacco transposons during tissue culture. EMBOJ. 1993; 12:2521-8. PMID: 8389699

Johnston JW, Benson EE, Harding K. Cryopreservation induces temporal DNA methylation epigenetic changes
and differential transcriptional activity in Ribes germplasm. Plant Physiol Biochem. 2009; 47 (2):123-31. doi:
10.1016/j.plaphy.2008.10.008 PMID: 19056287

Rumyantseva NI, Sergejewa NB, Khakimova LE, Salnikov BB, Gumerova EA, Lozowaja BB. Organogenesis and
somatic embryogenesis in tissue culture of two buckwheat species. Russ J Plant Physl. 1989; 36:187-94.

Kamalova GV, Akulov AN, Rumyantseva NI. Comparison of redox state of cells of tatar buckwheat mor-
phogenic calluses and non-morphogenic calluses obtained from them. Biochemistry (Mosc). 2009; 74 (6):686-
94,

Brian J, Shan F, Tian Z, Xu G, Lin R, Chunsheng X, et al., editors. Study on new health foods of Tartary
buckwheat Advances in Buckwheat Research Proceed of the 9 th Intern Symp On Buckwheat; 2004; Prague,
Czech Republic.

Kreft M. Buckwheat phenolic metabolites in health and disease. Nutr Res Rev. 2016; 29(1):30-9. doi:
10.1017/50954422415000190 PMID: 27046048

Fabjan N, Janko R, Kosir I}, Wang Z, Zhang Z, Kreft I. Tartary buckwheat (Fagopyrum tataricum L. Gaertn.) as a
source of dietary rutin and quercitrin. ] Agric Food Chem. 2003; 51:6452-5. doi: 10.1021/jf034543e PMID:
14558761

Steadman K], Burgoon MS, Lewis BA, Edwardson SE, Obendorf RL. Minerals, phytic acid, tannin and rutin in
buckwheat seed milling fractions. JSFA. 2001; 81:1094-100.

Gamborg OL, Miller RA, Ojima K. Nutrient requirements of suspension cultures of soybean root cells. Exp Cell
Res. 1968; 50(1):151-8. PMID: 5650857

Reynolds ES. The use of lead citrate at high pH as an electron-opaque stain in electron microscopy. ] Cell Biol.
1963; 17:208-12. PMID: 13986422

Fisher DB. Protein staining of ribboned epon sections for light microscopy. Histochemie. 1968; 16 (1):92-6.
PMID: 4180491

Trump BF, Smuckler EA, Benditt EP. A method for staining epoxy sections for light microscopy. J Ultra Mol
Struct R. 1961; 5:343-8.

Combrinck S, Du Plooy GW, McCrindle RI, Botha BM. Morphology and histochemistry of the glandular trichomes
of Lippia scaberrima (Verbenaceae). Ann Bot. 2007; 99(6):1111-9. doi: 10.1093/acb/mcm064 PMID: 17468110

Zidorn C, Schubert B, Stuppner H. Phenolics as Chemosystematic Markers in and for the Genus Crepis
(Asteraceae, Cichorieae) Sci Pharm. 2008; 76:743-50.



[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]
[41]
[42]
[43]
[44]
[45]
[46]

[47]

(48]

[49]

[50]

(51]

[52]

(53]

[54]

[55]

[56]

Potocka I, Baldwin TC, Kurczynska EU. Distribution of lipid transfer protein 1 (LTP1) epitopes associated with
morphogenic events during somatic embryogenesis of Arabidopsis thaliana. Plant Cell Rep. 2012; 31(11):2031-
45. doi: 10.1007/s00299-012-1314-0 PMID: 22821363

de Almeida M, de Almeida CV, Mendes Graner E, Ebling Brondani G, Fiori de Abreu-Tarazi M. Pre-pro-cambial
cells are niches for pluripotent and totipotent stem-like cells for organogenesis and somatic embryogenesis in
the peach palm: a histological study. Plant Cell Rep. 2012; 31(8):1495-515. doi: 10.1007/s00299-012-1264-6
PMID: 22534682

Ling-Lee M, Chilvers GA, Ashford AE. A histochemical study of phenolic materials in mycorrhizal and uninfected
roots of Eucalyptus fastigiata Deane and Maiden. New Phytologist. 1977; 78:313-28.

Rumyantseva NI, Samaj ], Ensikat HJ, Sal'nikov VV, Kostyukova YA, Baluska F, et al. Changes in the
extracellular matrix surface network during cyclic reproduction of proembryonic cell complexes in the
Fagopyrum tataricum (L.) Gaertn callus. Dokl Biol Sci. 2003; 391:375-8. PMID: 14556537

Rumiantseva NI, Akulov AN, Mukhitov AR. Extracellular polymers in callus cultures of Fagopyrum tataricum (L.)
Gaertn. with different morphogenic activities: time courses during the culture cycle. Prikl Bio-khim Mikrobiol.
2004; 40(5):571-8. PMID: 15553790

Gumerova EA, Akulov AN, Rumyantseva NI. Effect of methyl jasmonate on growth characteristics and
accumulation of phenolic compounds in suspension culture of tartary buckwheat. Russian Journal of Plant
Physiology. 2015; 62(2):195-203.

Soukupova J, Cvikrova M, Albrechtova ], Rock BN, Eder J. Histochemical and biochemical approaches to the
study of phenolic compounds and peroxidases in needles of Norway spruce. New Phytologist. 2000; 146:403-
14,

Phillips GC, Collins GB. In Vitro Tissue Culture of Selected Legumes and Plant Regeneration from Callus
Cultures of Red Clover. ACSESS. 1979; 19(1):59-64.

Vasilyev AE. Secretory structures. Danilova MF, Kozubova GM, editors. Petrozavodsk: Karelia; 1980.
Danilova MF, Barmicheva EM. Rhizodermis. Danilova MF, Kozubova GM, editors. Petrozavodsk: Karelia; 1980.

Bourdon M, Pirrello J, Cheniclet C, Coriton O, Bourge M, Brown S, et al. Evidence for karyoplasmic homeostasis
during endoreduplication and a ploidy-dependent increase in gene transcription during tomato fruit growth.
Development. 2012; 139(20):3817-26. doi: 10.1242/dev.084053 PMID: 22991446

Hasler ], Wuest ], Gaspar T, Crévecoeur M. Long term in vitro-cultured plant cells show typical neoplastic
features at the cytological level. Biol Cell. 2003; 95:357-64. PMID: 14519552

Makowczynska J, Andrzejewska-Golec E. Somatic embryogenesis in in vitro culture of Plantago asia-tica L. Acta
Soc Bot Pol. 2000; 69:245-50.

Gregory T. Genome size evolution in animals. In The Evolution of the Genome. London: Elsevier Academic
Press; 2005. p. 4-87.

Verdeil JL, Alemanno L, Niemenak N, Tranbarger T). Pluripotent versus totipotent plant stem cells: dependence
versus autonomy? Trends Plant Sci. 2007; 12(6):245-52. doi: 10.1016/j.tplants.2007.04. 002 PMID: 17499544

Tomiczak K, Sliwinska E, Rybczynski JJ. Comparison of the morphogenic potential of five Gentiana species in
leaf mesophyll protoplast culture and ploidy stabilityof regenerated calli and plants. Plant Cell Tiss Organ Cult.
2016; 126 (2).

Roux NS, Strosse H, Toloza A, Panis B, Dolezel ]. Detecting ploidy level instability of banana embryo-genic cell
suspension cultures by flow cytometry. Jain SM, Swennen R, editors. Enfield (NH), USA, Plymouth, UK: Science
Publishers, Inc.; 2004.

Kubalakova M, Dolezel |, Lebeda A. Ploidy instability of embryogenic cucumber (Cucumis sativus L.) callus
culture. Biol Plant. 1996; 38(2):475-80.

Fras A, Maluszynska J. The correlation between the chromosome variation in callus and genotype of explants of
Arabidopsis thaliana. Genetica. 2004; 121(2):145-54. PMID: 15330114

Chen CC, Chen CM. Changes in chromosome number in microspore callus of rice during successive
subcultures. Can ] Genet Cytol. 1980; 22(4):607-14.

Lavania UC, Srivastava S. Ploidy dependence of chromosomal variation in callus cultures of Hyoscya-
musmuticusL. Protoplasma. 1988; 145(1):55-8.

Gilissen LGW, van Staveren MJ, Creemers-Molenaar J, Verhoeven H. Development of polysomaty in seedlings
and plants of Cucumis sativus L. Plant Sci. 1993; 91(2):171-9.

Galbraith DW, Harkins KR, Knapp S. Systemic endopolyploidy in Arabidopsis thaliana. Plant Physiol. 1991;
96(3):985-9. PMID: 16668285

Ochatt S), Mousset-Declas C, Rancillac M. Fertile pea plants regenerate from protoplasts when calluses have
not undergone endoreduplication. Plant Sci. 2000; 156:177-18. PMID: 10936524

Prado MJ, Rodriguez E, Rey L, Gonzalez MV, Santos C, Rey M. Detection of somaclonal variants in somatic
embryogenesis-regenerated plants of Vitis vinifera by flow cytometry and microsatellite markers. Plant Cell
Tiss Organ Cult. 2010; 103:49-59.



[57]

(58]

Sengupta J, Jha S, Sen S. Karyotype stability in long-term callus derived plants of Crepis tectorum L. Biol Plant
1988; 30:247-51.

Franklin CI, Mott RL, Vuke TM. Stable ploidy levels in long-term callus cultures of loblolly pine. Plant Cell Rep.
1989; 8(2):101-4. doi: 10.1007/BF00716849 PMID: 24232995

[59] Jha S, Sen |, Sen S. Stable regenerants from long-term callus cultures of Ruscus hypophyllum L. Cyto-logia.

[601]

[61]

[62]

[63]

[64]

1989; 54:687-91.

Wyman J, Brassard N, Flipo D, Laliberte'e S. Ploidy level stability of callus tissue, axillary and adventitious
shoots of Larix x eurolepis Henry regenerated in vitro. Plant Sci. 1992; 85(2):189-96.

Wood M, Power B, Davey MR, Mulligan BJ. Factors affecting single strand-preferring nuclease activity during
leaf aging and dark-induced senescence in barley (Hordeum vulgare L). Plant Sci. 1998; 131:149-59.

Kwasniewska J, Nawrocki W, Siwinska D, Maluszynska J. DNA damage in Crepis capilaris cells in response to in
vitro conditions. Acta Biol Cracov Bot. 2012; 54/2:93-101.

Dily FL, Billard J-P, Huault C, KC, Gaspar T. Fully habituated sugarbeet callus: under permanent stress. In Vitro
Cell Dev Biol-Plant. 1993; 29(4):149-54.

LoSchiavo F, Baldan B, Compagnin D, Ganz R, Mariani P, Terzi M. Spontaneous and induced apopto-sis in
embryogenic cell cultures of carrot (Daucus carota L.) in different physiological states. Eur ] Cell Biol. 2000;
79(4):294-8. doi: 10.1078/S0171-9335(04)70032-1 PMID: 10826497



